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Abstract 
It’s quite important to clarify what physical parameters control the magnitude of volcanic eruption not only to 
understand magma processes in the conduit but also to provide useful information on the mitigation of volcanic hazard. 
Among various kinds of eruptions, Vulcanian eruptions excite seismic and acoustic waves during the activity. Analyses 
of these seismic and acoustic waves enable us to quantitatively evaluate dynamic process of the Vulcanian eruption and 
magma behavior in the conduit and magma chamber. Study on the source parameters of volcanic explosion is necessary 
to understand source mechanism. However, in seismic wave, there are difficulties to retrieve the source information 
because small to moderate earthquakes mainly excite short period waves that are scattered and/or attenuated by 
heterogeneous structures and are amplified by shallow structure just beneath the stations. In order to correctly estimate 
the source information of volcanic explosion, spectral ratio method is useful to effectively eliminate path and site effects 
included in observed waveforms. This method is powerful enough to clarify the seismic source difference of co-located 
events without being disturbed by heterogeneous structure (e.g. Mayeda et al., 2007; Mayeda and Malagnini, 2010). In 
the present study, therefore, we analyze Vulcanian eruptions recorded by seismic and acoustic sensors at Sakurajima 
volcano, Japan. We also examine Vulcanian eruptions during the 2011 Shinmoe-dake eruptive activity. Applying the 
spectral ratio method that can retrieve the source spectral information to three-component seismograms and acoustic 
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signals recoded at the stations on the volcanos’ flanks, we examine scaling relations in Vulcanian eruptions. 
In Chapter 1, we summarize and review the previous studies on the characteristics of seismic and acoustic 
waves excited by volcanic eruptions, their possible mechanisms, and their relationships. We also explain some 
previous studies using spectral ratio method, and then, we present the purpose of this study. 
In Chapter 2, we explain the data used in the present study: three-component seismograms and acoustic waves 
recorded by the stations operated by Japan Meteorological Agency (JMA) during 2012-2013 Sakurajima eruptions, 
and those during 2011 Shinmoe-dake eruptions. We show the seismic and acoustic waveforms at the two volcanoes. 
We also briefly explain the spectral ratio method to extract the source information. Since the atmospheric condition 
around the crater and volcano may disturb acoustic wave propagations, we select the acoustic events that occurred 
during low wind speed conditions. 
In Chapter 3, we analyze the seismic and acoustic waves during Vulcanian eruptions at Sakurajima, volcano, 
Japan. We examine explosion earthquakes that are associated with large and small Vulcanian eruptions, and evaluate 
their characteristics by spectral amplitude ratios. To stabilize the spectral amplitude ratios and obtain an averaged feature, 
we group the observed explosion earthquakes into five classes according to their maximum amplitudes and calculate the 
spectral amplitude ratios between the five classes. Because Vulcanian eruptions continue to effuse volcanic ash for 
several to tens of minutes, spectral amplitude ratios of explosion earthquakes (hereafter, seismic spectral amplitude 
ratios) are calculated by shifting a time window of 10 s every 10 s from the onset to coda wave. We classify the acoustic 
events into 4 classes according their amplitudes and calculate the spectral amplitude ratios (hereafter called acoustic 
spectral amplitude ratios) by setting a time window of 10 s every 5 s from 1s before the onset. The results show that the 
seismic spectral amplitude ratios are characterized by flat amplitude at low frequency range of 0.5-2 Hz, corner 
frequencies of about 2 Hz and 3.5 Hz, and flat amplitude at high frequency range of 3.5-10 Hz. With increasing the 
magnitude of explosion earthquakes, seismic spectral amplitude ratios at the low and high frequency ranges increase, 
while the corner frequencies do not significantly change. On the other hands, the characteristics of spectral amplitude 
ratios of the acoustic waves excited during Vulcanian eruptions show flat amplitude at a wide frequency range between 
0.1 and 10 Hz. This characteristic is different from that of the observed seismic spectral amplitude ratios.  
In Chapter 4, we analyze the seismic and acoustic waves during the 2011 eruptive activity of Shinmoe-dake 
volcano, Japan. We examine explosion earthquakes and acoustic waves excited by large and small Vulcanian eruptions, 
and evaluate their characteristics by the spectral amplitude ratios. Although the spectral amplitude ratios are fluctuated 
due to small number of the data, we see the following characteristics. The seismic spectral amplitude ratios decrease with 
increasing frequency at the intermediate frequency range (c.a. 2 – 4.5 Hz) and becomes flat at high frequency range of 
about 4.5 -9 Hz. On the other hand, the acoustic spectral amplitude ratios are characterized by a flat amplitude at a wide 
frequency range of about 0.1-10 Hz. These characteristics are similar to those of the seismic and acoustic spectral 
amplitude ratios at Sakurajima volcano.  
In Chapter 5, we discuss the characteristics of the seismic and acoustic spectral amplitude ratios that are observed 
at the two volcanoes. We compare the observed spectral amplitude ratios with the ratios predicted from the single force 
model in which the pulse width and amplitude of source time function are functions of the vent radius. The predicted 
spectral amplitude ratios show slight changes of the corner frequencies, but the observed ones do not show significant 
change. Considering also that the explosion earthquakes occur at a same crater at each of the volcano, we infer that the 
observed seismic spectral amplitude ratio may be also attributed to pressure changes in the conduit and/or chamber. 
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Another important finding is that the spectral amplitude ratios gradually decrease with lapse time keeping the corner 
frequencies. Such a lapse time dependence of seismic spectral amplitude ratios is completely different from those of 
tectonic earthquakes in which direct and coda waves show a same spectral amplitude ratio. The observed temporal 
changes are not explained by the effect of volcanic structure or the depth changes of the seismic sources. We infer that 
the spectral amplitude ratio changes can be attributed to the differences in the eruption processes: the early part of the 
seismic waves of explosion earthquakes are generated by an initial rapid pressure release in the conduit while the coda 
waves are by successive oscillations of the magma system during continuous ash emission. On the other hand, the flat 
spectral amplitude ratios observed for the acoustic waves suggest that pulse width is independent of the amplitude of the 
source time function. This may be explained by the effect of the crater geometry on the acoustic wave radiation.  
In this thesis, I have investigated the basic characteristic of spectral amplitude ratio for both the seismic and 
acoustic waves excited by Vulcanian eruptions based on analyses of the data recorded at two different volcanoes. Our 
results highlight the difference of characteristic of spectral amplitude ratios between the seismic and acoustic waves, 
suggesting the differences in their generation mechanisms and excitation regions: the seismic waves are in the volcanic 
conduit beneath the vent, while the acoustic waves are at the surface of the conduit. We also found that the seismic 
spectral amplitude ratios decrease with elapsed time. This is quite contrary with the results of tectonic earthquakes that 
are reported in previous studies. In this thesis, only the two volcanoes are analyzed, but applying spectral ratio method to 
the data observed at the other volcanoes can further deepen our knowledge on scaling relations between large and small 
Vulcanian eruptions. 
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異なる火山で発生した爆発的噴火に伴って発生する地震波の解析から、それぞれの噴出口の大
きさが地震の規模を支配していることを指摘する研究はあるものの、それぞれの噴火で発生する
爆発的噴火の規模を支配する要因を調べた研究はほとんどない。本論文は、多量のデータが得ら
れるブルカノ式の爆発的噴火に着目し、噴火と同時に励起される爆発地震と空振の解析結果に基
づき、噴火規模を支配する要因を調べた。 
桜島と新燃岳で発生した爆発地震について、不均質な火山構造の影響を取り除き、震源情報を
取り出すことができるスペクトル比法を適用した。多量のデータをもとにデータを 4 つの規模に
区分し、それぞれでスペクトルを重合することにより安定的にスペクトル比を求めた。その結果、
得られたスペクトル比は、異なる火山の爆発地震に認められるスケーリング則とは異なり、火口
内圧力や鉛直方向に伸びる圧力源影響があることが示された。また、爆発地震のコーダ波のスペ
クトル比の振幅は直達波に比べて小さく、時間的に震源時間関数の特徴に変化があることが明ら
かとなった。ブルカノ式噴火の初期は急激火口直下の圧力が解放されるのに対し、その後、連続
的に火山灰を放出するプロセスとなることを反映していると推察された。また、ブルカノ式噴火
に伴い励起される空振波にもスペクトル比法を適用した。空振が伝播する大気の状態ができるだ
け同じとなるよう、風速の弱い時期のデータのみを解析した。その結果、地震波とは異なり、
0.1-10Hz までほぼフラットな振幅を持つスペクトル比が得られた。空振波は噴出口から火口内を
伝播することから、火口形状により空振波の時間関数がほぼ一定となることによると推察された。 
 異なる 2 火山で観測されたブルカノ式噴火について、地震波および空振波ともに、スペクトル
の規模依存性に共通の特徴を見いだすことにはじめて成功した。 
以上の内容は、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示して
いる。したがって，Mohammad Hasib 提出の博士論文は，博士（理学）の学位論文として合格と認
める。 
 
 
